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Abstract 
Using asphalt as raw material, anti-collapse drag reducing agent GFT with softening point at 35ϨC is preparedby employing 
interfacial complexes generation method. The rheological properties and lubrication are measured before and after adding GFT in 
several water-based drilling fluids. The results show that GFT exhibits the excellent anti-caving and lubricity performance. And 
GFT could deform into and cement fracture at lower temperature, and then seal off cracks of sidewall, reduce the drilling fluid 
filtration. When the dosage of GFT is 0.5 wt.%, the lubricity coefficient reduced rate of bentonite dispersion is 80.5%. In addition, 
GFT shows better lubrication performance and effect of reducing filtration loss than commercially available products in the same 
dose (2wt.%). Eventually, through field application of GFT in Jinchang JCSD-1 borehole and Handan ZK10-2 borehole, the 
results indicate problems of wellbore collapse and lubricity of drilling fluid have been solved successfully. Consequently, anti-
collapse drag reducing agent GFT has a promising potential application for drilling fluids. 
© 2014 The Authors. Published by Elsevier Ltd. 
Selection and peer-review under responsibility of Geological Engineering Drilling Technology. 
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1. Introduction 
Maintaining a stable borehole is one of the major problems encountered in drilling. Wellbore stability analysisˈ
thereforeˈhas been introduced at the well planning stage of many operating companies. It found out that numerous 
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factors incurred wellbore instability, for instance, trajectory of the wellbore, orientation and magnitude of the in-situ 
stress field, rock mechanical and strength properties, in-situ and induced pore pressures, mud pressure, bedding 
planes and fractures (Chen et al., 2003 )[3]. Those problems greatly increased the drilling time and costs, and resulted 
in disasters such asstuck pipe and sidetracking as well[6]. One of the solutions taken to make wellbore stable, when 
formation is hard brittle or fractured, is employing anti-caving agents such as asphalt materials, silicate (EI Essawy 
et al., 2004)[4], aluminium compounds (Chao et al.,2012)[2] and polyalcohol (Aston et al., 1994)[1]. Furthermore, 
asphalt materials are deemed to be cost-effective. Asphalt materials have effect on deforming into and plastering 
over the fracture openings, and thus can confer wellbore stability to some extend. However, asphalt materials need to 
be used at temperatures above theirs softening points although these temperatures are not reached in many broken 
formations (Labenski et al., 2003)[5], especially in core drilling. 
In this paper, an anti-collapse drag reducing agent(named GFT) with low softening point and good lubricity is 
prepared. The properties of GFT in terms of inhibition property, lubrication, rheological and filtration loss have been 
evaluated in comparison with three kinds of commercial emulsified asphalt for drilling fluids. Field application of 
GFT in Jinchang JCSD-1 borehole and Handan ZK10-2 borehole are introduced as well. 
2. Experimental 
2.1. Preparation of GFT 
Using the asphalt and resin modifier as raw material, GFT was prepared by interfacial complexes generation 
method. The preparation technical line was shown in Fig.1. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.1. Preparation technical line of GFT 
2.2. Inhibitive Property Measurements 
Inhibitive property was measured by NP-1 type shale swelling test apparatus. Shale swelling height was recorded 
at various times. 
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2.3. Preparation of Bentonite Dispersion 
The bentonite dispersion was prepared by adding 5 g bentoniteto 100 mL distilled water and stirred at about 
10,000 rpm for 20 min. The bentonite dispersion was aged for 24 h at room temperature in order topre-hydrate the 
bentonite dispersion fully. 
2.4. Rheological Measurements 
The experiment of rheological properties was carried out by a ZNN-D6S type rotating viscometer. The bentonite 
dispersion wasstirred at 10,000 rpm for 5 min, and then the addition was added under stirring for 5 min.The apparent 
viscosity, plastic viscosity and yield point were calculated from 300 to 600 rpm readings using following formulas 
from API Recommended Practice of Standard procedure for field testing drilling fluids (Recommended Practice, 
1988): 
Apparent viscosity (AV) =0.5Φ600 (mPa·s)                                                                                                (1) 
 
Plastic viscosity (PV) = Φ600-Φ300 (mPa·s)                                                                                               (2) 
 
Yield point (YP) =0.511(Φ300-PV) (Pa)                                                                                                      (3) 
 
Filtration loss of drilling fluid was measured by using ZNS filter press under a pressure of 689.5 kPa (100 psi) 
for30 min. 
2.5. Lubricity Test 
Lubricity was measured by OFITE lubricity tester. One hundred and fifty inch-pounds of torque have been 
applied to the test block which is running at 60 rpm. After 5 min torque reading is recorded. The lubricity coefficient 
and lubricity coefficient reduced rate were calculated using following formulas: 
 
Correction factor(C)=
WT
34
                                                                                                                        
(4) 
 
Lubricity coefficient (f) = STCuu01.0                                                                                    (5) 
Lubricity coefficient reduced rate (ƸI)= %100
1
21 u
f
ff
                                                            
(6)
 
Here C was correction factor. TW was the torque reading of distilled water. TS was the torque reading of adding 
lubricant into drilling fluid. f was lubricity coefficient. Ƹf was lubricity coefficient reduced rate. f1 was the lubricity 
coefficient of adding lubricant into drilling fluid. f2 was the lubricity coefficient of drilling fluid. 
2.6. ColliodStability 
100 mL sample was first placed in 100 mL stoppered, measuring cylinder.Then the stability behavior of sample 
was observed for one week.The colloid stability was assessed as follows: 
 
                                                                      (7) 
 
Here W was colloid stability, %.V was the supernatant or subnatant volume, mL. 
%100
100
100 uVW
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2.7. Softening point determination 
Softening point was measured in accordance with Chinese specification GB/T4507-1999. 
3. Performance Assessment 
3.1. Fundamental Technical Indexes of GFT 
GFT is black oil–water emulsion, and its fundamental technical indexes are shown in Table.1. The collod 
stability of GFT is 100% and the softening point of that is 35 oC. Besides, it is easily dispersed in water. 
 
Table.1 Fundamental technical indexes of GFT. 
Colloid stability/% Water dispersibility Softening point/oC 
100 Easily dispersed in water 35 
 
3.2. Inhibitive Poperty of GFT 
The hydration and swelling of shale causes wellbore instability. Hence the effects of GFT in terms of inhibiting 
shale hydration have been studied.GFT solutions with various concentrations (0.5, 1.0, 1.5, 2.0 and 3.0 wt%, i.e. 
0.5wt% means 0.5 g of GFT is introduced into 100 g of distilled water at 0.5 g/100 g)are immersed into core made 
by sodium bentonite, and the results are shown in Fig. 2. Fig. 2 indicates that the core expansion height grows as 
soaking time increases, and decreases with the increase of GFTconcentration. The fact is that hydration swelling is 
characteristic of sodium bentonite, and sodium bentonite swells with the increase of soaking time. On the other hand, 
the droplet of GFTadsorbson the surface of bentonite, and then forms oil film on montmorillonite, which reduces the 
capacity of bentonite hydration. Moreover, the core expansion height is 1.71mm at soaking time of 6hwhen the 
concentration of GFT solution is 2%, while the core expansion height immersed without GFT is 2.37mm at soaking 
time of 6h.Consequently,GFT has certain capacity of inhibiting shale hydration. 
 
Fig.2. Influence of shale inhibition with different concentrations of GFT. 
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3.3. Rheological Property of GFT 
GFT is added into bentonite dispersion with different concentrations (0.5, 1.0, 1.5, 2.0, 2.5 and 3.0 wt%, i.e. 0.5 
wt% means 0.5 g of GFT is introduced into 100 g of bentonite dispersion at 0.5 g/100 g) to measure rheological 
properties of water-based drilling fluids, and the results are shown in Fig. 3. In Fig. 3, AV of bentonite dispersion 
against the fraction of GFT shows slow increasing trend, In other words, GFT doesn’t affect the flowability of 
bentonite dispersion. On the other hand, filtration loss of bentonite dispersion incorporating GFT depicts a 
decreasing trend with the increasing concentration of GFT, which demonstrates that GFT can significantly reduce 
drilling fluid filtration. It could be interpreted that the asphalt droplets of GFT fill in the boundary of clay particle, 
which results in the decreasing of filtration loss. 
 
Fig.3. (a)Apparent viscosity and (b) filtration loss of bentonite dispersion with different concerntrations of GFT 
3.4. Lubricity Performance of GFT 
The effects of GFT on lubricity performance of water-based drilling fluids is also evaluated by adding GFT into 
bentonite dispersions with different concentrations and the experimental results are shown in Fig. 4. The lubricity 
coefficient declines remarkably with the presence of GFT. For instance, when the dosage of GFT is 0.5%, f is 0.086, 
and ᇞ f is 80.5%. However, as the dosage of GFT further increases, f  fluctuates in a narrow range. It could be 
explained that the oil phase in oil – water emulsion is fully emulsified into fine droplet and then easily adsorbed onto 
the metal surface, resulting in the improving lubrication of bentonite dispersion. Moreover when the metal surface is 
saturated for the fine oil droplet, f hardly changes. Through the section of study, it could be stated that GFT has good 
lubricity performance. 
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Fig.4. Lubricity Coefficient of Bentonite Dispersion with Different Concentrations of GFT. 
3.5.  Performance of Different Drilling Fluid Containing GFT 
In order to study the compatibility with other drilling fluid additives, the GFT is introduced into three kinds of 
drilling fluids systems which are used commonly in the core drilling, and the effects of GFT on the performance of 
drilling fluids system are shown in Table 2-4. According to Table. 2, as the proportion of GFT increase, AV of clay-
free drilling fluid doesn’t change while filtration loss and f of clay-free drilling fluid decreases. As shown in Table.3, 
the YP of low solid fresh mud slowly increases with the increasing concentration of GFT; however, the filtration 
loss and lubricity coefficient of low solid fresh mud decline as increase of GFT concentration. Meanwhile, the 
variation in YP, filtration loss and lubricity coefficient are similar to Table.3. In conclusion, GFT has good 
compatibility with drilling fluid systems, and it doesn’t affect the rheological properties of drilling fluid. On the 
other hand, it effectively reduces the fluid loss of drilling fluid, and can significantly improve the lubrication 
performance of drilling fluid. 
    Table.2 The performances of clay-free drilling fluid with GFT. 
Formulation AV 
(mPa·s) 
PV 
(mPa·s) 
YP 
(Pa) 
Filtration 
loss(mL) 
f 
0.2%PHP+0.2%KHM+1%GPC 9 7 2 20.5 0.248 
0.2%PHP+0.2%KHM+1%GPC +1%GFT 9 7 2 19.5 0.185 
0.2%PHP+0.2%KHM+1%GPC +2%GFT 9 6.5 2.5 18 0.154 
Note: PHP represents partially hydrolyzed polyacrylamide polymer; KHM represents potassium humate; GPC represents lost circulation 
control additive while drilling.  
   Table. 3 The performances of low solid fresh mud with GFT. 
Formulation ρ (g/cm3) AV 
(mPa·s) 
PV 
(mPa·s) 
YP 
(Pa
) 
Filtration 
loss(mL) 
pH f 
4%LBM 1.02 8 7 1 12 7.5 0.264 
4%LBM+1%GFT 1.02 8.5 7 1.5 10 7.5 0.213 
4%LBM+2%GFT 1.02 8 6 2 8 7.5 0.195 
Note: LBM represents low viscosity enhancement powder. 
 
   Table. 4 The performances of seawater drilling fluid with GFT. 
Formulation ρ (g/cm3) AV 
(mPa·s) 
PV 
(mPa·s) 
YP 
(Pa
) 
Filtration 
loss(mL) 
pH f 
4%MBM 1.04 11.5 8 3.5 11 7.5 0.312 
4%MBM+1%GFT 1.04 11.5 8 3.5 10 7.5 0.275 
4%MBM+2%GFT 1.04 12.5 8 4.5 9 7.5 0.252 
Note: MBM represents multifunctional additive; continuous phase of drilling fluid is sea water. 
3.6.  Performance Comparison with Commercially Available Products 
A comparison of the performance between FF-III, ZZDF, UDL and GFT is conducted and the results are 
demonstrated in Table.5. FF-III, ZZDF and UDL are commercially available emulsified asphalt by different 
manufacturers. Those products are added into bentonite dispersion with the fraction of 2%. It can be seen that the 
filtration loss of bentonite dispersion containing GFT is less than that of corresponding reference commercially 
available products. Moreover, the lubricity coefficient of bentonite dispersion containing GFT is far below the 
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values of corresponding reference commercially available products. Those results indicated that the performance of 
GFT is much better than that of commercially available emulsified asphalt products. 
   Table. 5 Comparison of drilling performance of different products. 
Products  AV˄mPa·s˅ Filtration loss(mL) f 
FF-III 10.5 13 0.411 
ZZDF 4.5 13 0.256 
UDL 10 12.5 0.300 
GFT 9 10 0.083 
Bentonite dispersion 8.5 12 0.439 
 
4. Field Application 
4.1.  JCSD-1 Borehole 
JCSD-1 borehole is a continental scientific drilling hole of copper nickel sulfide ore concentration area, which is 
located in Jinchang city of Gansu province. The strata of hole are quaternary system and presinian system, which 
contains major fractured formation. The borehole designed depth is 2500m and single-tube core drilling techniques 
is employed, and so far the final levelΦ 91mm casing has been lowered down to 1977m.  
In the initial stage, the compostion of drilling fluids is 3% bentonite, 0.5% sodium carbonate and 0.2% vegetable 
gum. When it is drilled to depth of 2133m, collapse of borehole wall occurs. After a long time treatment for the 
borehole collapse, the drilling fluids system of LBM-GFT is employed with compositions of fresh water, 3%-4% 
LBM, 1%-2% GPC, 1% GFT and barite at the depth of 1995m. The performance of drilling fluid is shown in Table. 
6. 
    Table. 6 Field performance of drilling fluid 
ρ  (g/cm3) FV(s) PV(mPags) YP(Pa) Filtration loss(mL) 
1.10̚1.20 40̚50 17̚20 5̚10 5̚10 
 
After using the drilling fluids system of LBM-GFT, the sidewall is well protected and so far it is drilled to a 
depth of 2205 m. Moreover, the system has outstanding rheological property and excellent carrying capacity of rock 
powder, and there is almost no precipitation at hole bottom. Besides, the pump pressure significantly reduces from 
16 MPa to 10 MPa, and the drilling torque greatly declines with rig current from 160 A to 120 A. 
4.2.  ZK10-2 Borehole 
To investigate the coal seam potential of Sanling village, Handan city of Hebei province, ZK10-2 borehole is 
drilled to a depth of 1798m in 2012. Coal seam is located in the Shanxi formation of Permian and Taiyuan formation 
of Carboniferous. The formation lithologic of drilling hole is mainly mudstone and sandstone. When the hole depth 
is 1761m, coal seam appears at the first time. The wire line core drilling techniques is usedˈand the final levelΦ
89mm casing is lowered down to 1315m.  
The drilling fluids containing bentonite, potassium humate and HV-CMC is used in the beginning. When it is 
drilled to depth of 1795m, collapse of borehole wall occurs. After a long time treatment for stucking pipe and 
fishing, the borehole is sidetracked at a depth of 1680m, and the drilling fluids system of MBM-GFT is adopted with 
a formulation of fresh water, 4%-5% muriate, 4%-6% MBM, 1%-1.5% GPC, 1%-2% fluid loss additive (GPNA), 
1%-2% GFT and barite at the depth of 1680m. The performance of drilling fluid is shown in Table. 7. 
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    Table. 7 Field performance of drilling fluid. 
ρ  (g/cm3) Funnel viscosity for core drilling (s) Filtration loss(mL) 
1.18̚1.20 25̚30 4̚6 
 
After using the drilling fluids system of MBM-GFT, the stability of hole wall in the formation with coal seam has 
ensured, and the borehole is completed at 1798m.  
5. Conclusions 
A novel anti-collapse drag reducing agent GFT with softening point at 35ϨC is prepared. The effects of GFT on 
the rheological properties and lubrication of water-based drilling fluids are investigated. GFT improves the 
rheological properties availably. Moreover, the addition of GFT results in the increasing of YP and the declining of 
filtration loss as well as lubricity coefficient. In addition, the field application results show that GFT is a good anti-
caving agent for improving the stability of borehole, and reduces the friction of drilling fluid. 
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